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JFORL I ) A > 45 21 JFORL pHS002 0 RE 12 UKL #e 46 K
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1-50s.19 h.6 V/em. 120°,14°C ; 5 — K i % 1
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Fig. 1  Construction of pMSBBACs.
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pMSBBACs 7 45 K i AT 14 = 4% U&7, fF T
KB UM DNA . A8 R IR 95 D03+ X 1)
B, %4 B4R BOsh W] 8 B #5 UL BAC Ji R
TER 38 BAC SCPEZ T » 3 A1 56 % 2 /& pMSBBACs i
AT 7 TR UE » A W7 14 2 119 BAC 8044 BT A 55 11 7%
AN TOAF A Be IE W AT D e . @i BamHI U] #
B 2804 e 45 DL e X3 4y » HOE R 19 BN 5 4
AN Bt BAC itk pHS002 . il £ i ki DNA 3 47
I B A M el vk A I (I 2-A) , R B pHS002 4% F]

O AR A9 A3 UL TR, U B B 51N (1) 5 IR 4 oo 4
HWA M BAC JTRL MK B 5 BAC JE oA 56 1
JCAF FEAS BB IE W AR R FURL pHS002 %% 44 K Jiz #F
S174, DL 6 5 55 e A0S B 7 B 57 02X N 2
TR o B AT B &5 e RS2 30, e A e B 0% (107 -
10 g 7 /32 AR H) 15 BH X IR SR pJTU2554 L
IR #2457 PCR GRS R (B 2-B) Won, i
PG A Re YT 0 R VR T B ) 2 5y B R Pk Ak
DA 1) 4% 7t (588bp) » 3K W UKL pHS002 fe 6 1l i # &
oW ok N B % W JF AR L AR E AF AR, B
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pMSBBACs 1 Ly i 57 T 30 A% 15 #H 5 T 1R BEW8 1 3
T AE T Be -

2 A pHSO02DNA B2 B ik 53 #7 (A) R H %
& FH PCR 3 3E (B)
Fig. 2 Electrophoresis analysis of pHS002 DNA and PCR

results for confirmation of pHS002 transfer into Streptomyces
albus by conjugation. (A) pMSBBACI1 (lane 1) and pHS002
(lane 2) DNA were isolated from 4mlL overnight culture,
dissolved in 20pL. TE buffer and detected by electrophoresis
with the loading volume of S5pL. M: 1 kb ladder. (B) Using
primers AprF and AprR, the expected 588bp band of apramycin
resistance gene was amplified from genomic DNA of putative
conjugants (lane 3 — 10) and pHS002 DNA (lane 1, as the
positive control) , but not from the wild type Streptomyces albus
(lane 2, as the negative control) . Size markers are the 1 kb

ladder (lane M) .

2.3 BAC XERME RGN

BERETE U27 J2 AN 3 b 2 B 1 3 A AR o
PO A PT IR E T K BE B AR B R/ K
A2 B B W I R A T R R e R A T
(AR S AN NI S TRV E Y 3 R NE A e e 7]
ARG B HE DR e R BIF 0 3L 7 AR I R 1 OR AR
Y, JF [A) I5f 56; i pMSBBACs 344 v [ K v B i g
775 16 WA B 2 WA b SE 30 6 Gt g T Ak KT 4H BAC
S

510K P A % A R 4 10" CFU/
pegDNA (SZ56 Bk & p0J260) « BAC 3T e Ak 3 %

N 2.5 x 10° B4k F /4 5o DNA, 5 B % 2425 15/
1000 FEHLHRE 19 A 1 B, $EH BAC Uk ) > 24T
fitg 1) K4 ) (Hind TTT 6 570 A6 0 47 N B s (18] 3—
B) ), BamHI F )55 iF 84k (8] 3-A) ) o SCEESL A&
2304 /> BAC ik, i A Jv BEK /N #E90 kb - 130 kb
2 18] P48 N BeR /N 9100 kb, ] B 6 i A7 R
[A 20 (%) 8Mb) 28. 8 1%,
MI12 3456 78910111213141516171819M1

MIT 2 34 56 789 10111213141516 17 1819

L=

o
- o

- D
E RugEh s

+=

E 3 PFGE #&illl BAC Frfify X/

Fig. 3 PFGE results for analyzing the insert size of clones in the
Streptomyces U27 genomic BAC library. DNA of 19 randomly
selected BAC clones was respectively digested by BamHI (A)
and HindIIl (B). M1: 1 kb DNA ladder; M2: X DNA/HindIII;
M3: NEB PFGE Markerll; 1 —19: BAC clones/BamHI (A) or
HindIll (B) .
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B A6

BE T AMIE B BAC R ES LB K. AT
R K A BAC J5RL 3k N 2 14 S U5 £ I fE ), B’
MIM 3C % o Bk 1 — 4> 140 kb 1) BAC Ji i
pHS003, 73 5l MEAT T J5 A= o A B 1k B 42 &5 B B8 52
B0 LA (R B RS Y T BE R A ZXT 2 AR
HEAT ¥ & e B 1, R I Y JFORL pHS002 A LE » pHS003
AR MR (107 - 10 3o T /2 k) F %
T L0 £ (EEAGSEY T BE B ZXT [ R A AR
B, AR IRAT T I 0 10 B A6 1 0 e A AR AR (9
HAk 7 1% 5 DNA) , 5 pHS002 (10 # 4k 1 /4 5e
DNA) AH bl #4020 2% T B (> 100 £%) LK.
DL b &5 R 3 WY T ) £ 1 35 4k pMSBBACs 2548 7K
Fi Be DNA Ji, 4548 B4 R38N S5 9515 & .
2.5 $#EHE U27 £RH BAC XERTHFi

¥ 5 B3 B U27 R 41 BAC SCFE i Tk 8 i
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P A e B 5 A A B A 1 O 103 e N A B
R MTAZ B 75 B 2 12X rp b AT S R AL S, B i
BAYA A (LLE. coli 48 /R W) 84T ¥ 1 (LA
Saccharomyces cerevisiae 4 15 7~ ) 3% M [ 8 4 T 88
k1. HEF AW BAC Jiki 1G1.22B10.24F7 7E
AR B ZXT P S Y R OA I R B ] E
coli BI21 HY¥E Ve 3 MR AL 1~ (1 BU B % 2 A A )
B 7R A E. coli BL21 [ A A A, x4 v M 2% B
975 55 305 B Ak RH3 (Xanthomonas oryzae pv oryzicola
strain RH3) B 3 I H 504 10 40 7 2R (181 4) 5 12
WA P BGOSR BLX 3 A
BAC JiuRE o 4 N 1R 25 R 21 BEOK /N 43 3l ol 120,90
97 kb (B 5-B) . 17 (B B 2 10 I & Bt (18 5-
A) AT ReE R e AR B A R X . S 45 IR
Vi HIX 48 BAC iUk b T B8 % A B A U s PR
RART= ) (0 A2 400 B s AL 7% o

,.,/ S. lividans ZX1::pHS002

' S lividans ZX1:1G1 S. lividans ZX1::24F7

.

S. lividans ZX1::22B10

El4 3HREUTFRAERTEMNE

Fig. 4 Determination of the antibacterial activity
against Xanthomonas oryzae pv oryzicola strain RH3 of
the three S. lividans ZX1 transformants respectively

from 1G1, 22B10 and 24F7.

3 e

WS H 2 (1) BAC 2K f& pMSBBACs £33
48 BAC 2R E Yk 4 A0BE 25 1 B 5 B 380K (0 AR
oo BHAME A KM AT B UUBORL 9 S O
R KB Bk DNAS 5 1 oC31 H 4 g 5 K] J¢
attP A7 g, WO I A RURE S VR R R BT 9 A I A U
BN HARfa RO P RGERE TR &A%
Wb B 2R HUVE AR D A5 K T R v A BE B R b S AT BL

M2ZMI11 2 3 Ml

M2M3 1 2 3 M3

5 34 BAC RAWEEYIEIZH

Fig. 5 PFGE results for analyzing the insert size of 1G1, 22B10
and 24F7 respectively digested by BamHI (A) and HindIIl
(B). M1L: 1 kb DNA ladder; M2: X\ DNA/Hindlll; M3: NEB
MidRange PFGE Markerl; 1: 1G1; 2: 22B10; 3: 24F7.

REAT 1 36 4 A e R A2 4R 7 20 CordT) 5 W] LLAE 45 75 2
e DS Coransfer) 1) 385 W) N 30 1 2 & BB K K B
DNA WK FFwi e B 2l B & i b . B HB R
¢ m] LAJRE T4 2 01 ™A% 1) BR ) 2R 48 B A B AR BT o
HLEE R R 52 DNA K/ 52 W 558/ AT T K
Bt DNA )4 4F

FAT I I D ¥ B B e U27 1) 2k [ 41 BAC
SO B SCPE Jot i 1R 43 BT AIE W T 2804/ pMSBBACs 15
K BEve [ [ ST Ry 38 5 T (K E - R i BAC 3¢
R Xk S #5648 R B, IR B AT 50
TP RN JUAS 7 s (1) 45 4 1 i 4 1 2% AL 22
SRV I T A BRI Bl A R SR aR KRR R 2D
gDNA [ BEAR o (2) BRI AL B — A S8, Mg D) AN
i B9 TR A Ak B TR) i IR T S R R o AR I
IR <5% o (3) [ E ) gDNA {9 9 FE X% 3C
JPE ey 3 AT Tt SRR S AE HLUE N AR AE 2
DLW AARAZ 2 B A K I BL B o BT DL AE 2% 02 A 48 I
TR I 2% 119 K /N 38 24 R B I NGB M A% TR TAE [
LY 1T AR BUR R/ R B3R A5 U
DNA. gDNA P i ok Ja &5 i £ 0K b 5l 4°C oK
R 3R A IR PR 2R Sk B 5ty DAY A 4 AR I A o
WU BT DIAE T o (4) DKM A 1 I 52 28 4l L ) 2800 % 0
SCJZE A S 2 A ok P B T R v 2 B2 2
21 M 4 g G BAC SCPE I BB 1Y
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X T 2835 A A BB B ) TR AR R B T LA
FEJ5AG EAR N BEAT RAR P AL & I iFoE . (H 2
XT84 R A AR G IR O DU IR R R B
KRB FRCE R UL K H bR B (%) S N85 1 5t
B8 1 B 100 S U A P REAT S R T B A R 1Y
FE o AT W AL cosmid AR R GE R #EAT L%
MR AN B Se B o % R A ERAE AR LL B 5 A1
e P AR K7 s DAL A5 2 T T2 B fEZE cosmid
BRI K BE A& 3030 40 kb R4 A 7 Bro BE % W
ORI K O B8 7 PR ) Ak TR R K 2 R A
30 — 100 kb, 5 T 2% 5% I & Ml 5 D] A% A A A% bl
A% Ik A i W i DR A% 4 48 #8 K F-60 kb ™ sz im
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Construction of a new bacterial artificial chromosome
(BAC) vector for cloning of large DNA fragments and
heterologous expression in Streptomyces

Sheng Huang, Na Li, Jun Zhou, Jing He
State Key Laboratory of Agricultural Microbiology, Huazhong Agricultural University, Wuhan 430070, China

Abstract: [Objective] Many natural product biosynthetic gene clusters are too large to be entirely cloned into one cosmid
for heterologous expression. Because bacterial artificial chromosome (BAC) vectors are well known for their capacity of
cloning large DNA fragments, we constructed a new BAC vector for cloning and heterologous expression of natural product
biosynthesis gene clusters in Streptomyces. [Methods] The chloramphenicol resistance gene on the original BAC vector
pCUGIBACI was substituted with a streptomycin resistance gene via N RED-mediated PCR-argeting technique. The
streptomycin resistance gene was then excised by digestion with Nhel and the left gap was filled with the origin of transfer
(oriT) , the @C31 integrase gene, the integrating attP site, and an apramycin resistance gene. [Results] We achieved
the final BAC vector pMSBBACs. To test the newly established vector, pMSBBACs was used to build up a genomic BAC
library of Streptomyces U27. The average size of inserts in the library is about 100kb. A 140 kb BAC plasmid as a
representative was successfully introduced into heterologous hosts, S. lividans and S. albus, by either conjugation or
protoplast transformation. It demonstrated that the BAC plasmids constructed by pMSBBACs could be integrated into
chromosomes via site-specific recombination for heterologous expression. [Conclusion] The newly constructed pMSBBACs
was verified to be a good BAC vector for cloning of large DNA fragments and heterologous expression in Streptomyces.

Keywords: bacterial artificial chromosome (BAC) vector, natural products, biosynthesis gene cluster, Streptomyces,

heterologous expression
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